Introduction
This paper represents a response to the Challenge Paper prepared by Hoddinott, Rosegrant, and Torero on recommendations to address hunger and malnutrition. The suggestions made in the Challenge Paper are comprehensive in crossing multiple sectors: agricultural research, marketing, and direct health/nutrition interventions. The present paper strongly supports the proposed interventions, and particularly the approach of treating hunger and malnutrition as problems requiring a multisectoral response. The causal pathways leading to malnutrition lie in many sectors -health, agriculture, water and sanitation, food systems, economic development -and sustainable improvements in nutrition and food security may often require interventions in all of them.
Implementing multisectoral interventions poses a challenge to the estimation of benefit-cost ratios. Quantifying the costs of nutritional insult -whether stunting and wasting, specific micronutrient deficiencies, or nutrition-related chronic disease -is perhaps more straightforward than identifying and attributing the costs of a particular component in a package of interventions to an impact which is the result of the interaction of several actions working together. This is especially relevant in cases where multiple interventions are required for any one of them to achieve its potential impact, as is the case, for example, with improving food consumption and reducing exposure to infection as means to address child growth retardation. In cases where sequencing of interventions is critical, the same approach may be effective or ineffective depending on whether critical preconditions for success have been put in place, so attributing a given impact to the later intervention alone may be misleading. It is noted below that improved agricultural productivity and smallholder income may be a prerequisite for increasing the quality and quantity of food consumed in the household, but explicit interventions focused on behavior change are necessary in order to realize the potential nutritional effects of these improvements in resources. This argues for a flexible approach to benefit-cost estimation, with a focus on addressing the most urgent and costly problems and, through implementing and evaluating the best available interventions, building the evidence base for selecting the most effective and cost-effective multisectoral approaches.
The intervention package proposed in the Challenge Paper is well justified. Nonetheless, there are additional elements that could well be included. The Challenge Paper explicitly rejects consideration of what is commonly (and misleadingly) called "overnutrition" -that is, the rising problem in the developing world of nutrition-related chronic diseases linked to overweight, obesity, and physical inactivity. These chronic diseases are increasing in prevalence among poor populations in low-income and low-middle-income countries, and their high cost in terms of lost productivity and increased demand for health care poses a threat to economic progress. Further, there are strong reasons to link approaches to addressing undernutrition with those to address chronic disease: the demonstrated relationship between early nutritional deprivation and later susceptibility to obesity and chronic disease, and the fact that increasing access to health care and capacity in the health care system will benefit both sets of health issues.
The following pages elaborate on these points, with the goal of complementing the suggestions incorporated in the Challenge Paper and contributing an additional perspective to the process of identifying priority actions to promote economic development and the improved well being of poor and vulnerable populations.
2.

Combining and Sequencing Interventions
The Challenge Paper makes an important contribution in proposing a combination of interventions to improve health reduce undernutrition. It seems intuitively obvious that addressing the multiple constraints to nutrition and food security will be more successful than dealing with single approaches or single nutrients. Benefit-cost estimates are difficult enough for single interventions, but such estimation for combined interventions is much more so. If a combined intervention is effective, and in the absence of full-factorial experimental designs to test all possible combinations, attribution of a benefit to one or another component is not difficult, but impossible. (IFPRI's evaluations of conditional cash transfers (CCTs) in Nicaragua did in fact implement a full factorial design, testing combinations of "supply side" -improving the quality of service -and "demand side" -providing a cash transfer -for the relative contribution of each to the overall goals of the program (Maluccio and Flores 2005) . Such studies are very useful, but also costly and therefore rare.) This is in no way an argument for implementing only isolated, unitary nutrition interventions; bundling interventions for maximum impact is quite valuableessential, in fact -but the benefit-cost analyses will generally have to be for the combined intervention rather than each individual element. Webb and Block (2010) rightly argue for the development of new measures to account for the interactive and cumulative effect of multiple policies, to go beyond techniques that link single policies to unitary outcomes.
There are two ways to think about combining interventions. One is to consider that each intervention by itself may be necessary, but not sufficient to achieve the nutrition, health, or economic benefit anticipated. A good example of this might be the provision of supplementary food to children to promote linear growth and prevent stunting in the absence of complementary interventions to improve household hygiene practices and environmental sanitation, including access to adequate and safe water. In a food-scarce environment, either one alone may be insufficient to prevent, much less reverse, stunting.
The evidence to support the provision of food supplements to pregnant and lactating women and children up to age two in order to prevent growth retardation is strong, but the evidence for the potential for catch-up growth after that age is mixed. colleagues (1990, 1994) argue that there is very limited potential for catch-up growth after age two, but Golden (1994) holds that the reason catch-up growth is not observed is that the conditions that led to early childhood stunting are rarely changed. It has been suggested (Solomons et al, 1993; Kau et al, 2011; McKay et al, 2010 ) that a major cause of impaired linear growth in children is the presence of low level infection: environmental stress on the immune system produces pro-inflammatory cytokines that impair the metabolic pathways that promote bone growth; in the absence of significant improvement in sanitation, food supplements will not be able to achieve adequate growth, much less catch up growth. Whether or not this mechanism fully explains childhood stunting, it is well recognized that frequent diarrheal and other infections are an independent risk factor for child undernutrition (Brown 2003) ; to reach his/her growth potential, a child needs both adequate food and protection from infectious disease. In this case, therefore, two interventions -one addressing inadequate diet and another addressing water, sanitation and hygiene -need to be implemented together for either one to have a substantial impact on child stunting. This means benefit-cost estimation for one intervention may be misleading, making it seem less effective than its potential would be if other constraints on adequate growth were addressed.
A second aspect of the proposal to implement combined interventions has to do with the appropriate sequencing of interventions. An example here is the development of improved seeds (higher yielding, drought and salt tolerant, adapted to the local conditions of smallholders in target regions) and the promotion of demand for fertilizer through a reduction in price. Demand for fertilizer among smallholder farmers may indeed be constrained by price and access (including access to credit), but in the short run, is conditioned more on farmers' perception of the marginal benefit of using such inputs (Byerlee and Hesse 1986; Lindert 2000) . The adoption of new seeds that are responsive to fertilizer should eventually result in demand for fertilizer, especially if farmers are at the same time linked to markets, so their increased production can be translated into increased income, providing the resources to purchase inputs; but response to a lower fertilizer price may be disappointing if adoption of improved seed varieties does not precede it.
Similarly, the ability of the proposed interventions -improved seeds (appropriate to the crops and context of smallholder farmers), cheaper fertilizer, better market information -to improve household income, and thereby at least potentially the nutritional status of children, depends on having a functioning market at the regional and national level. Continued use of improved seeds and purchased agricultural inputs depends on commercialization of these crops, so that sales can fund future purchases of inputs. To benefit sustainably from the proposed package of market interventions, farmers must be able to gain access to a functioning market. This is not only a matter of sequencing interventions; it is equally a matter of institutional and economic context. Factors such as market infrastructure, marketing and trade regimes, and small farmer integration into regional, national or international markets (individually or as part of a farmer organization) will affect the success of interventions aimed at smallholders.
The proposed package of interventions for reducing stunting and micronutrient deficiencies includes elements known to be both effective in addressing undernutrition and cost effective in terms of expected impact on economic growth (Bhutta et al 2008) . Direct provision of food supplements to pregnant/lactating women and children 6-23 months has been demonstrated to be effective in reducing rates of stunting, especially if given preventively (that is, provided to at-risk populations, not conditional on being stunted or wasted before receiving the supplement) (Ruel et al 2008) . Nonetheless, in contexts where absolute food scarcity is not a constraint, behavior change strategies that promote the appropriate use of locally available (purchased or home produced) foods for complementary feeding of weanlings may be a cost effective option. This is a case where, again, sequencing may be critical: increased agricultural productivity, more food available in the household, and increased income to permit food purchases are likely to be essential precursors to the promotion of the use of local food as a substitute for the direct provision of supplementary food to prevent stunting and wasting. (Clearly, this argument does not apply to therapeutic food in emergencies or for the treatment of acute malnutrition, where immediate provision of nutrient-dense food is critical to assuring rapid recovery and avoiding the high risk of mortality.)
Finally, the benefit cost estimates incorporated into the IMPACT model analysis need to take account of the non-linear relationship between cost and benefit. As a higher percentage of the target group is reached, it becomes more costly to reach the remaining ten or twenty percent. This non-linearity has been explicitly recognized in the benefit cost estimates associated with the 'Scaling up Nutrition' initiative to bring nutrition interventions to low income populations (Horton et al, 2010) . Ecker et al (2012) note that malnutrition is less responsive to economic growth as its prevalence declines. The reasons are twofold: presumably it is the remote, hard to reach populations that will be the last to benefit from any intervention, and the most costly to reach due to their remoteness; but it is also likely that the causal pathways underlying nutritional outcomes may be different, perhaps more intractable, but in any case possibly requiring different approaches to benefit that small remaining percentage.
Strengthening Agriculture -Nutrition Linkages
Hoddinott (2012), in his introduction to the recent Delhi conference on Agriculture -Nutrition Linkages, lays out a rich and comprehensive set of pathways by which improved agricultural productivity might affect the nutritional status of farm household members, especially children. These pathways are entirely plausible, and some have been documented in particular settings. But while agricultural development may play a key role in improving child nutrition status through increasing rural household income and crop productivity, increased food production does not necessarily nor automatically lead to improved nutrition outcomes. Furthermore, these pathways and linkages are culturally and geographically diverse. The impact of similar agricultural programs on nutritional outcomes may vary by context. The relationship between production, income, and nutrition is neither direct nor simple, and depends on social and economic factors specific to the geographic context (Marsh 1998; von Braun 2002) .
A review of the links between agricultural interventions and nutrition outcomes (Berti et al 2003) found mixed evidence of direct benefits on children's or adults' anthropometric status, although most had significant impacts on household food production. Home gardens were more consistently associated with nutritional improvement, presumably because these interventions were typically implemented in the context of explicitly nutrition-focused programs that included other components such as behavior change communication. The review found that when agricultural interventions were combined with nutrition education, dietary improvement was more likely, but also found that changing household diets did not always correlate closely with anthropometric status. They conclude that health and nutritional status are not consistently responsive to agricultural interventions without complementary efforts focused explicitly on nutritional outcomes.
A simulation of agricultural investment strategies in Tanzania (Klauw and Thurlow 2012) similarly concluded that agricultural growth had inconsistent impacts on poverty, calorie insufficiency, and undernutrition; the effects were dependent on growth in the agricultural sectors where smallholders are concentrated: production of staple crops such as maize, root crops, oil seeds, and pulses, since these are produced by low income farmers and their increased production (in the simulation) lowered prices for these foods, which are disproportionately consumed by the poor. This suggests that yield improvements in the right crops have the potential to affect food consumption of the poor, but there is still an intrahousehold process by which household food consumption translates into nutritional status of its members.
These observations underline the importance of ensuring that the proposed agricultural strategies end up reaching the smallholder farmers who are the presumed beneficiaries, and to integrate improvements in agricultural production and marketing with explicit nutrition programs that translate production and income gains into nutritional benefit.
Childhood undernutrition is without a doubt the most pressing nutrition priority for global development. According to UNICEF's most recent statistics (UNICEF 2012), 66 countries in the world have a prevalence of childhood stunting of 25% or more, and 31 countries have prevalence over 40%. There are 27 countries with a ten percent or higher prevalence of wasting among children under five years of age. The average prevalence of childhood stunting is 39% in Sub-Saharan Africa, and reaches 47% in South Asia (34% for Asia as a whole); comparable figures for wasting are 9% for Sub-Saharan Africa and 19% for South Asia. The problems of micronutrient deficiency highlighted in earlier Consensus documents are far from eliminated. These statistics are unarguable and compel continued attention to these issues.
Nonetheless, the time has passed when it is reasonable to ignore the rising prevalence of overweight and obesity and associated chronic disease in the developing world. Rates of overweight and obesity in low-income countries have reached levels comparable to those of high-income countries (Beaglehole et al 2007) , and the incidence of non-communicable chronic diseases, including coronary heart disease and stroke, diabetes, chronic pulmonary disease, and cancer, is rising rapidly (Beaglehole et al 2007) . Deaths and DALYs from NCCDs in low income countries are projected to exceed, by a wide margin, deaths from undernutrition and infectious disease by 2015, and increase sharply by 2030 (WHO 2008) . Developing countries including India, Indonesia, Pakistan, as well as China and Brazil are among the top ten countries for prevalence of diabetes (IDB 2009). Previous Copenhagen Consensus papers have focused on the nutritional status of children at risk of undernutrition. Global efforts on "Scaling Up Nutrition" similarly focus primarily on the needs of young children at risk, based on recognition of the critical importance of the "first 1,000 days" in determining the health of a child into adulthood (Shekar et al, Horton et al 2010) . Chronic disease, of course, primarily affects adults, although adults younger than age sixty in low-income countries are far more likely to suffer morbidity and mortality from chronic disease than those in developed countries (Nugent 2008 ).
Given the current significance and rapidly rising burden of chronic disease in low and middle income countries, addressing them should be a priority for investment in economic development for several reasons. First, the economic cost of these diseases is substantial. Costs to the existing health care system are significant, but in low-income countries, where much of the population does not have access to high quality health care, the major cost is from lost economic contributions due to disability and premature death . Further, it is no longer the case (if it ever was) that chronic disease can be considered a 'disease of affluence'. It is true that wasting and stunting fall and obesity rises with GDP growth and the population shift out of agriculture -an increase of 4.4% for every 10% increase in GDP (Webb and Block 2009) . But overweight, obesity, and chronic disease are rising rapidly in the poorest countries (FAO/WHO 2002; Finucane et al. 2011; Popkin 2009 ). The "double burden" of undernutrition and infectious disease, along with overweight/obesity and chronic disease, is posing serious challenges to the health care system and to prospects for continued economic development in many low and middle income countries, including India and China as well as those in sub-Saharan Africa -regions that are the target of the interventions proposed in the Challenge Paper (as well as Scaling Up Nutrition efforts).
Second, the evidence is strong that the risk of chronic disease in adulthood is related to health and nutritional status in early childhood (Barker et al 1993; Joseph and Kramer 1996; Prentice and Moore 2005; Hales et al. 1991; Calkins and Devaskar 2011) -in the 'first 1,000 days' -which suggests that the benefits of improving nutrition in early childhood include a reduction in chronic disease in later life. The arguments for investing in childhood undernutrition and for investing in the prevention and control of chronic disease converge in this case.
A third argument for investing in the prevention and control of chronic diseases is that even beyond the protective effect of early child nutrition, there is likely significant overlap, and large potential synergy, between interventions aimed at children and those aimed at adults at risk. Among the priority interventions recommended in the Lancet series on Chronic Disease (Beaglehole et al 2007) and by the WHO Task force on Chronic Disease (WEF/WHO 2011), strengthening the primary health care system and increasing access to it in order to permit behavior change communication, screening, and the distribution of medications to those at highest risk (or already suffering from chronic disease) again converges with the priorities for reaching undernourished children and their mothers with growth monitoring, primary care, and the provision of micronutrient and food supplements. It is very much in the spirit of the Challenge Paper to emphasize potential synergies in the proposed interventions between agricultural and targeted nutrition interventions; addressing chronic disease adds another layer of potential benefit to these health interventions.
Finally, there have been few documented successes in reversing the trend toward higher prevalence of overweight, obesity through changes in diet and physical activity. WHO (2009) identifies characteristics of successful efforts to promote physical activity; these are largely modifications in the built environment and local services (sidewalks, amenities in walking distance, recreational facilities). But overweight and obesity continue to rise in the developing world (Popkin 2009 ), and there is little evidence of the potential to reverse the trend. Chronic disease prevalence continues to rise as well, although the rate of increase in adult BMI appears to slow at higher incomes (Nugent 2008) .
Interventions that focus on prevention may possibly have a higher likelihood of success than interventions to reverse the process once it is far advanced.
Chronic Disease as a Health and Development Priority
The "double burden" of malnutrition -that is, the coexistence in a single country of high rates of child undernutrition and infectious disease along with high and rising rates of overweight, obesity, and chronic disease, has been documented in developing countries in all regions of the world (FAO 2006) . According to WHO (2009), chronic disease risk factors (high blood pressure, high blood glucose, physical inactivity, tobacco and indoor smoke exposure, and high cholesterol)account for almost 28% of attributable mortality in low income countries, compared to 7.8% of deaths due to child undernutrition and another 3.4% due to poor breastfeeding practices. (Infectious disease does not make it into the top ten risk factors, though unsafe water, sanitation and hygiene add 6.1% to attributable mortality.) The Institute of Medicine finds cardiovascular disease accounts for 30% of all mortality in low and middle income countries (Fuster and Kelley 2011). High cholesterol and blood glucose, high blood pressure and physical inactivity together account for 19.6% of deaths in low income countries. In middle income countries, over 45% of deaths are due to these four factors plus poor diet (low fruit/vegetable intake). The picture is reversed for DALYs, with child underweight and micronutrient deficiencies accounting for more attributable DALYs than chronic disease risk factors: 18.1% compared with 8.1% for chronic disease risk factors (counting only those in the top ten risk factors). Nonetheless, chronic diseases are associated with significantly lower life expectancy (WHO 2009) and a long period of disability before death.
More than 84% of diseases associated with chronic disease risk factors occur in low and middle income countries (WEF/HSPH 2011; WHO 2009). Only in South Asia and Sub-Saharan Africa, the two regions with the highest prevalence of child undernutrition, are risk factors for chronic disease present in less than 50% of the adult population (Nugent 2008) , but rates there are rising, and the rate of increase in factors such as overweight and physical inactivity appears to become greater as prevalence rises (Martorell et al 2000) . CVD is now the second leading cause of adult death in Sub Saharan Africa (FAO 2006) ; rates of diabetes in that region doubled between 1994 and 2010 (FAO 2006) . Rates in Latin America are similarly projected to rise (Kain et al 2003) .
The economic cost of chronic disease in low income countries is high and rising. Nugent (2008) reports WHO estimates that the annual cost of chronic disease in 23 developing countries will reach $84 billion in the ten years to 2015 . Other estimates put the economic cost for low income countries at $310 million, and for lower middle income countries at $ Clearly, it is time to consider chronic disease, along with undernutrition, as a challenge to economic progress that should not be ignored.
Links of Chronic Disease with Poverty and Undernutrition
The rise of chronic disease in the developing world is linked to lifestyle changes that are occurring rapidly in low income countries: increased access to supermarkets Witherspoon and Reardon 2003) and other sources of refined foods high in fat/salt/sugar Neilsen 2003, Popkin 2006) ; availability of mechanized transportation, and mechanization of labor (Webb and Block 2010) . Many researchers cite urbanization as a factor in the disease process [WEF/WHO], but there is evidence that the same process is operating in both rural and urban areas (Popkin and Gordon-Larsen 2004; Mendez 2005) suggesting the possibility of similar interventions in both areas, though the challenge of delivering services in rural areas is likely to be higher.
Low income populations exposed to nutritional deprivation in utero or in the first two years of life are at higher risk of chronic disease if, in later life, they have access to a more abundant, calorie dense diet [Barker et al 1993; Joseph and Kramer 1996; Prentice and Moore 2005] , consistent with the hypothesis advanced by colleagues in 1986 (Barker et al 1986; Barker and Osmond 1986; Barker et al. 1989 ; see also Erikkson et al. 1999) . There is evidence that in children born with IUGR, rapid growth up to the age of two results in accumulation of lean body mass and has positive health benefits, while rapid growth in stunted children after the age of two risks accretion of adiposity with consequent health risks including hormone-related cancers (breast, prostate) as well as cardio-vascular disease (Victora et al 2008; Sachdev et al 2005; Newsome et al 2003; Victora et al 2007; Wells et al 2005) . Investing in prevention of chronic disease starts with addressing undernutrition in children, and a corollary is that obesity prevention is an especially high priority for those undernourished in early life.
Beyond childhood, chronic disease risk factors are no longer characteristic of those with higher income. The poorest populations in the poorest nations have high rates of obesity, and the burden of obesity is shifting to the poor in these countries (Popkin 2009 ). In 36 low income countries, overweight exceeds underweight in both rural and urban areas (Mendez et al 2005) . Monteiro et al (2004 a, b) have estimated that overweight and obesity become problems of lower income populations within a given country at a per capita GDP around $2,500, a relatively high level when compared with the incomes of the countries with the highest burden of childhood undernutrition ( Lancet 2008 countries). But overweight and obesity represent only one of many risk factors for chronic disease; the prevalence of NCCDs is greater than that of overweight/obesity, and is more skewed toward the poorer populations even in low income countries (Popkin 2009 ); the poor are at less likely to receive treatment for NCCDs due to lack of access and affordability of preventive health care (Nugent 2008) . Furthermore, resourceconstrained governments are more apt to fund basic health services, as outlined in the United Nations Millennium Development Goals (MDGs), rather than the prevention and treatment of NCCDs (WEF 2010), although as noted above, extending the reach and capacity of basic health services contributes to addressing chronic disease as well as infectious disease and maternal and child health.
Chronic Disease Priorities for Intervention, their Cost and Effectiveness
The UN convened a High Level Meeting on Non-Communicable Diseases in September 2011 to focus attention on the importance of implementing cost-effective, achievable interventions to prevent and treat NCCDs in low and middle income countries. The meeting built on the work of the World Economic Forum and Harvard School of Public Health to identify priority actions for reducing the impact of chronic disease (WEF/HSPH 2010). The actions, defined as "Best Buys", were recommended based on three factors: (a) feasibility; (b) reasonable cost; (c) demonstrated effectiveness. The aggregated cost of these interventions was estimated in this study at about $500 billion a year, or 4% of the combined annual output of the low and middle income countries considered in the analysis.
Not all the interventions recommended at the WHO High Level Meeting relate to nutrition. Their recommendations for top five priorities for addressing chronic disease are: reducing the use of tobacco to a target level of 4%; reducing consumption of salt; improving dietary quality (increased fruit and vegetable consumption, reduced consumption of sugar, saturated and trans fats) and increasing physical activity; reducing abuse of alcohol; and finally, targeted counseling and medical intervention for individuals at high risk or already suffering from chronic disease (CVD, cancer, diabetes, chronic respiratory disease).
The first four are addressed at the population level, through a combination of taxes, regulation, and communication strategies. The last one is targeted to individuals and makes use of the primary health care system to screen, counsel, and prescribe medications for high risk patients. The WEF/HSPH study estimated costs and benefits for this set of interventions in the 42 low and middle income countries that represent 90% of the chronic disease burden. As would be expected, population-based strategies are far less costly than those targeted to individuals. The total package of "best buy" interventions is estimated to cost $11.4 billion per year, of which only $2 billion is for the population based interventions, and about $2 billion represent private costs (cost to patients of participating in screening and treatment). However, as Nugent (2008) points out, the evidence base for the effectiveness of population based measures is weak, and even more so in low and middle income countries.
The preventive strategies proposed by WHO include taxing and regulating access to tobacco and alcohol; workplace interventions to reduce smoking; health information campaigns; and restrictions on advertising these products. Dietary interventions include working with the food industry to reduce salt and replace saturated and trans fats with healthier fats, as well as advertising and mass media campaigns to promote healthier diets and physical activity. The targeted strategies delivered through the health care system include screening for CVD and diabetes risk, and provision of a multidrug regimen targeting blood pressure and cholesterol and including aspirin, as well as immunizing for hepatitis B. These cost estimates have a time horizon of 15 years, from 2011 -2025, and are based on a target of 80% population coverage.
The authors recognize that time is required to develop sufficient reach and capacity in the primary health care system, but may be optimistic in assuming only a one year lag compared with the implementation of population based interventions. Direct treatment need not depend only on doctors, but could be incorporated into the work of community based health workers, allowing for greater coverage at lower cost , but still would require training and capacity building as well as expanded outreach.
This package of interventions is viewed as having a highly favorable benefit-cost ratio. For example, the WEF/HSPH report estimates that achieving a 10% reduction in CVD would reduce economic losses by $25 billion annually, about three times the estimated cost of the interventions. However the basis for the 10% figure for expected impact is not given. Cecchini et al (2010) , in a simulation analysis of six countries, find that price interventions (taxation) produce the most rapid gains. The most cost-effective measures in their analysis include taxes, regulation (restricting access to tobacco and alcohol), and workplace interventions. They note that obesity, diet quality, and physical activity are targeted by similar interventions, and suggest that all the proposed interventions have synergies in addressing multiple chronic diseases, improving the benefit cost picture. Beaglehole et al (2007) estimated the annual cost of interventions proposed by the Chronic Disease Action Group to cost $5.8 billion a year in the 23 highest burden countries (2005 dollars), again with a highly favorable benefit cost ratio. Similar to the WEF/HSPH study, they find population based interventions to be less costly: $1.1 billion/year for the 23 countries, compared with $4.7 billion for individual medical attention. Their estimate is that an achievable reduction in salt consumption of 15% would avert 13.8 million deaths between 2006 and 2015 at a cost of $1 billion/year; individual screening and multidrug treatment could avert 17.9 million deaths over the same period at a cost of $4.7 billion.
Meanwhile, the Institute of Medicine report on cardiovascular health emphasizes that chronic disease requires a multisectoral, coordinated approach that involves agricultural policy, urban planning and transportation policy to promote physical activity, taxes and regulations to affect the food supply as well as access to tobacco and alcohol, as well as mass media campaigns and capacity building within the pubic health system (Fuster and Kelly 2011). Such coordinated and potentially synergistic approaches are exceedingly difficult to cost, but most of the literature recognizes the need to move beyond unitary to multisectoral approaches.
Many of these estimates are based on simulation models that have significant error associated with them. Good empirical information on costs and effectiveness of interventions is lacking, and (as mentioned earlier), benefit-cost estimates are typically unable to account for potential synergies (for example, other benefits from improving access to the primary health system; multiple benefits from single public health campaigns) or diseconomies. Nonetheless there is little question that investment in the prevention and treatment of chronic disease in low and middle income countries, including those suffering from the "double burden" of undernutrition and chronic disease, can have significant payoffs for health and well-being as well as for poverty reduction and economic development through more years of healthy life.
The policies proposed by the UN Task Force incorporate exercise and dietary modification, on the assumption that both of these approaches would address the calorie imbalance between intake and expenditure that is at the root of obesity. Some analysts lay the blame for the obesity epidemic in the developed world on the productivity of agriculture and the ready availability of abundant and cheap food (Schoonover and Muller 2006; Bleich et al 2007) , but in countries facing the double burden, it is a policy challenge to devise policies that address undernutrition while not exacerbating the problems of excess. Price policies need to be carefully framed, and feeding programs carefully designed to promote healthy consumption and discourage unhealthy consumption without jeopardizing their ability to address nutritional insufficiency.
Future Research Needs
The benefit-cost estimates incorporated into these figures are based on assumptions about the presumed potential effect of regulations, labeling, mass media campaigns, and workplace interventions on outcomes such as salt consumption, tobacco and alcohol use, diet and physical activity, but empirical support for the effectiveness of specific interventions in developing country contexts is sparse at best. Many of the action plans described above rightly call for more rigorous assessment and recommend allocating substantial resources to developing the evidence base for designing effective and costeffective programs, and to incorporate assessment of coordinated multiple interventions. There can be no question that chronic disease is emerging as a major threat to health and well being, and to poverty reduction and economic growth, but estimating the cost associated with this burden is more straightforward than assessing the potential impacts and benefit to cost ratio of specific programs.
Given the need for individual medical intervention, research into better and lower-cost methods of screening would be a useful target for future research as well.
Nonetheless, action should not be conditioned on such studies; rather, action on this front will provide the basis for future evaluation and the design of more effective and cost effective means to reduce the spread of chronic disease risk.
Summary and Conclusions
This paper has suggested some additional considerations to complement the proposals in the Hunger and Malnutrition Challenge Paper. The points are summarized below.
 The effectiveness of multiple interventions depends on their appropriate combination and sequencing; the effectiveness of some of the suggested interventions, policies and programs depends on others already being in place. In addition to the sectors mentioned, water and sanitation may be a critical input into the prevention of child growth retardation.
 Assessing the benefit-cost ratios of combined, multisectoral interventions is far more challenging than calculating such ratios for one single intervention at a time; estimates of the cost-effectiveness of the contribution of individual components of an integrated package of different interventions may not be realistic to achieve in many cases.
 This in no way argues against implementing combined and multi-sectoral interventions; indeed, such packages of interventions have a higher likelihood of sustainable success than isolated interventions. Implementing multisectoral activities with the explicit goal of evaluation can contribute to the empirical basis for choosing interventions.
 It is critical to recognize that improvements in agricultural productivity, even if targeted appropriately to poor smallholder farmers, will not automatically translate into improvement in diet, and thus nutritional status of vulnerable household members. Explicit nutrition-focused efforts are needed to ensure that the potential nutritional impact of these improvements is realized.
 The rapidly rising prevalence of risk factors for non-communicable chronic disease (including overweight/obesity and physical inactivity) in low and low-middle income countries, and of the NCCDs themselves, constitute a serious threat to the health and well-being of poor populations in poor countries, and a challenge to their economic progress. These conditions are costly in terms of lost income due to DALYs and premature death as well as health care, and efforts to prevent them are likely to be cost effective.
 The dietary and epidemiologic transitions exacerbate the threat of childhood undernutrition because of the relationship between early-life undernutrition and increased risk of overweight/obesity and chronic disease later in life.
 Investment in improved access to health care and in interventions to prevent and treat both undernutrition in early life and chronic disease risks in older children and adults represents a convergence of goals.
 Research is needed on effective interventions to prevent and reverse the rise of NCCDs and their risk factors, and on methods of assessing their benefit-cost ratios, but action should not be delayed on this account; rather, action to address these problems can provide the basis for expanding the evidence base for future actions.
